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[57] ABSTRACT

An automatic transmission includes a first transmission
mechanism having a first shaft connectable to an output
shaft of an engine, a second transmission mechanism
associated with the first transmission mechanism, and
having a second shaft in parallel with the first shaft, the
second transmission mechanism being adapted for
changing the torque speed of the first shaft, a hydraulic
housing for accommodating a hydraulic control device
for the second transmission mechanism, the second
hydraulic housing being arranged above the second
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1
AUTOMATIC TRANSMISSION

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an automatic transmission
installed in an automotive vehicle.

2. Discussion of the Related Art

Automatic transmissions having a torque converter
and a transmission gear mechanism to automatically
change the speed stages are known in the art. The
torque converter changes the torque speed of an engine
output shaft and transmits the resultant torque to a tur-
bine shaft. The transmission gear mechanism changes
the torque speed of the turbine shaft, and transmits the
resultant torque to drive wheels of a vehicle.

The transmission gear mechanism includes a plane-
tary gear comprising a sun gear, a ring gear, pinion
gears, a carrier, and the like. A variety of friction ele-
ments are provided in the transmission gear mechanism,
such as a clutch which can be engaged to transmit
torque to a specified gear or carrier, and a brake for
locking or releasing the specified gear or carrier. An
engagement pattern of these friction elements is
changed using, for example, a hydraulic mechanism.
Thus, the gear is shifted by switching the speed stages
step-wise.

In an automatic transmission provided with the above
transmission gear mechanism, more speed stages in the
transmission gear mechanism result in a greater selec-
tion of torque transmission characteristics. This allows a
vehicle to be driven in a manner suitable to road or
running conditions, and thereby improves vehicle mile-
age and performance. However, with a single transmis-
sion gear mechanism only a limited number of speed
stages can be provided, which is normally a maximum
of four forward gears.

In view of the above, there has been proposed a mul-
tistage automatic transmission in which a main transmis-
sion and sub-transmission are provided in series (with
respect to a direction of torque transmission). Combin-
ing the speed stages of the two transmissions allows the
automatic transmission to have an increased number of
speed stages. The above automatic transmission is dis-
closed, for example, in Japanese Unexamined Patent
Publication No. 62-4950.

By combining the speed stages of the main transmis-
sion and the sub-transmission, an automatic transmission
may have six forward gears, for example, when a main
transmission having three forward gears and a sub-
transmission having two forward gears are connected in
series. An automatic transmission having five forward
gears may be obtained by deleting any one gear from
this automatic transmission having six forward gears.

‘When the main transmission and the sub-transmission
are combined to construct one multistage automatic
transmission, a main transmission is mounted on a first
shaft (turbine shaft), which is connected to an engine
output shaft through a torque converter, and a sub-
transmission for changing and transmitting an output of
the main transmission through a second shaft (main
shaft of sub-transmission). It is known that the two
transmissions are arranged so that axes of the respective
shafts are spaced apart by a specified distance in parallel
with each other. In this case, the transmission mecha-
nisms of the two transmissions are coupled through a
torque transmission means such as gears. The spacing
between the axes of the first shaft and the second shaft
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is determined according to a position where the torque
transmission means is permitted to operate in coopera-
tion with the two transmission mechanisms and dimen-
sions thereof.

The output of the sub-transmission is normally input
directly to a differential of the vehicle, and the sub-
transmission is normally arranged above the differen-
tial. Accordingly, the main transmission and the sub-
transmission are generally arranged so that the level of
the axis of the second shaft is at or above the level of the
first shaft.

The main transmission and the sub-transmission each
require a hydraulic housing to control supply and dis-
charge of hydraulic pressure to and from the friction
elements provided in the respective transmissions.
When these valve bodies are mounted in an automatic
transmission, the hydraulic housing for the main trans-
mission, which is designed to set a line pressure of the
hydraulic pressure to be supplied, is incorporated in an
oil pan of a gear shifter arranged below the main trans-
mission.

However, it is difficult to incorporate both the hy-
draulic housing of the sub-transmission in the oil pan
and the hydraulic housing of the main transmission
because of spatial limitations. In this case, it is important
to lay out an oil path for connecting the hydraulic hous-
ing with the transmission mechanism of the sub-trans-
mission which is as short as possible in order to ensure
sufficient hydraulic responsiveness and improve con-
trollability in the sub-transmission.

However, the hydraulic housing needs to have acces-
sories such as a solenoid valve for switching hydraulic
pressure and an oil path connecting portion which con-
nects the oil path with the sub-transmission mounted in
the same vicinity. Thus, it has been considerably diffi-
cult to design an hydraulic housing for controlling the
hydraulic pressure which contains all the necessary
accessories and oil paths in the small area around the
gear shifter without problems and with high efficiency.

Accordingly, it is an object of the present invention
to provide an automatic transmission which has over-
come the above mentioned problems.

It is another object of the present invention to pro-
vide a multistage automatic transmission which is capa-
ble of shortening an interconnecting oil path with a
transmission mechanism of a sub-transmission as much
as possible and laying out accessories and a connecting
portion of the interconnecting oil path without prob-
lems.

SUMMARY OF THE INVENTION

The invention is directed to an automatic transmis-
sion comprising the following elements: a first transmis-
sion mechanism having a friction element and a first
shaft connectable to an output shaft of an engine, the
first transmission mechanism being adapted for chang-
ing the torque speed of the engine output shaft; a first
hydraulic housing for accommodating a control device
for controlling a hydraulic pressure to the friction ele-
ment of the first transmission mechanism; a second
transmission mechanism associated with the first trans-
mission mechanism, and having a friction element and a
second shaft in parallel with the first shaft, the second
transmission mechanism being adapted for changing the
torque speed of the first shaft; and, a second hydraulic
housing for accommodating a control device for con-
trolling a hydraulic pressure to the friction element of
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the second transmission mechanism, the second hydrau-
lic housing being arranged above the second transmis-
sion mechanism, such that an axis of the second shaft is
positioned on the same horizontal plane as, or above, an
axis of the first shaft.

The second hydraulic housing may be connected to
the second transmission mechanism by a connecting
member. The connecting member may be arranged
between the first and second transmission mechanisms.

An accessory member of the second hydraulic hous-
ing may be arranged between the first and second trans-
mission mechanisms.

The first hydraulic housing may be arranged below
the first transmission mechanism. The friction element
of the second transmission mechanism may be provided
with a first hydraulic chamber having a large hydraulic
area and a second_hydraulic chamber having a small
hydraulic area. The first hydraulic chamber may be
made communicatable with the first hydraulic housing,
whereby the friction element of the second transmission
mechanism is actuatable at different speed stages.

With an automatic transmission so constructed, the
second hydraulic housing is arranged above the second
transmission. Accordingly, the second hydraulic hous-
ing can be laid out smoothly. In addition, oil paths con-
nected to the friction element of the second transmis-
sion can be shortened as much as possible, thereby at-
taining sufficient responsiveness to hydraulic pressure
and improving controllability.

Also, the connecting member or accessory member is
arranged between the first and second transmissions so
that space which had been previously wasted can be
utilized effectively. Thus, an efficient layout is realized.

Further, the first hydraulic housing is arranged below
the first transmission mechanism. The friction element
of the second transmission mechanism is provided with
a first hydraulic chamber having a large hydraulic area
and a second hydraulic chamber having a small hydrau-
lic area. The first hydraulic chamber is made to be com-
municatable with the first hydraulic housing. This can
reduce the length of an oil path extending from the first
hydraulic housing to the friction element of the second
transmission mechanism, and enbance the responsive-
ness to the hydraulic pressure in the reverse mode, and
simplifies the oil path construction of the second hy-
draulic housing to prevent a pressure drop along the oil
path due to a passage resistance at a specified speed
stage where a particularly high pressure is required.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, features and advantages of
the present invention will become more apparent upon
a reading of the following detailed description and ac-
companying drawings in which:

FIG. 1 is a diagram showing a multistage automatic
transmission according to an embodiment of the inven-
tion;

FIG. 2 is a sectional view showing a main transmis-
sion of the multistage automatic transmission;

FIG. 3 is a sectional view showing a sub-transmission
of the multistage automatic transmission;

FIG. 4 is a front view showing the multistage auto-
matic transmission;

FIG. 5 is a plan view showing the multistage auto-
matic transmission;

FIG. 6 is a side view showing the multistage auto-
matic transmission;
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FIG. 7 is a front view showing an oil path extending
from the main transmission to the sub-transmission;

FIG. 8 is a plan view showing the oil path extending
from the main transmission to the sub-transmission;

FIGS. 9A and 9B are circuit diagrams showing a
hydraulic circuit of the automatic transmission;

FIG. 10 is a control system for controlling solenoid
valves in the hydraulic circuit shown in FIGS. 9A and
9B; and

FIG. 11 is a circuit diagram showing a construction
of a sub-transmission controller in the hydraulic circuit.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

As shown in FIG. 1, an automatic transmission 1
according to the invention includes a torque converter
10, a main transmission 20 arranged on the same axis as
the torque converter 10, and a sub-transmission 30 ar-
ranged on an axis parallel to the axes of the above parts.

The torque converter 10 essentially consists of a
pump 12, a turbine 13, a stator 15, a turbine shaft 16, and
a lock-up clutch 17. The pump 12 is formed integrally
with a casing 11 connected with an engine output shaft
2. The turbine 13 is arranged so as to be opposed to the
pump 12 and is driven by hydraulic oil supplied by the
pump 12. The stator 15 is arranged between the pump
12 and the turbine 13 and is supported on a casing 3 of
the automatic transmission 1 through a one-way clutch
14. The turbine shaft 16 is coupled with the turbine 13.
The clutch 17 couples the turbine shaft 16 directly with
the engine output shaft 2 through the casing 3.

Between the torque converter 10 and the main trans-
mission 20 is arranged an oil pump 4 which is driven by
the engine output shaft 2 through the torque converter
10.

A specific internal construction of the main transmis-
sion 20 will now be described with reference to FIGS.
1and 2.

The main transmission 20 includes front and rear
planetary gear mechanisms 21, 22. The rear planetary
gear mechanism 22 is arranged at a rear portion of the
main transmission 20, and consists essentially of a sun
gear 22a loosely fitted on the turbine shaft 16, a plurality
of pinion gears engaged with the sun gear 224, a ring
gear 22b engaged with the respective pinion gears, and
a pinion carrier 22¢ for rotatably supporting the respec-
tive pinion gears.

The front planetary gear mechanism 21, arranged at a
front portion of the main transmission 20, is constructed
similar to the rear planetary gear mechanism 22. Specifi-
cally, the mechanism 21 consists essentially of a sun
gear 21a loosely fitted on the turbine shaft 16, a plurality
of pinion gears engaged with the sun gear 21q, a ring
gear 21b engaged with the respective pinion gears, and
a pinion carrier 21c for rotatably supporting the respec-
tive pinion gears. The sun gear 21a of the rear planetary
gear mechanism 21 is coupled with the ring gear 226 of
the front planetary gear mechanism 22. Further, the
pinion carriers 21c, 22¢ of the both planetary gear mech-
anisms 21, 22 are coupled with an intermediate gear 5
which transmits the output of the main transmission 20
to the sub-transmission 30.

A direct coupled clutch 24 is arranged in series be-
tween the sun gear 224 of the rear planetary gear mech-
anism 22 and the turbine shaft 16. Between the sun gear
22a and the fixed casing 3 are arranged a coast brake 29
for coupling the sun gear 224 with the casing 3, a second
one-way clutch 27, and a 3-4 brake 28.
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In the front planetary gear mechanism 21, a forward
clutch 23 is arranged in series between the sun gear 21a
and the turbine shaft 16. Between the ring gear 215 and
the casing 3 are arranged a low-reverse brake 26 and a
first one-way clutch 25.

With the main transmission 20 thus constructed, there
are obtained forward low, middle, and high speed
stages and a reverse speed stage.

Specifically, in a state where only the forward clutch
23 is engaged, the torque from the turbine shaft 16 is
input to the sun gear 21a of the front planetary gear
mechanism 21 and the ring gear 215 is fixed to the cas-
ing 3 through the first one-way clutch 25. Accordingly,
the torque of the turbine shaft 16 is output to the inter-
mediate gear S after having a speed thereof reduced at
a large reduction ratio. In this way, the low speed stage
is obtained.

When the 3-4 brake 28 is coupled at the stage of the
low speed stage, the sun gear 22a of the rear planetary
gear mechanism 22 is locked through the second one-
way clutch 27. Accordingly, a torque transmitted from
the turbine shaft 16 to the ring gear 22b of the rear
planetary gear mechanism 22, through the forward
clutch 23 and the sun gear 21a of the front planetary
gear mechanism 21, is transmitted to the intermediate
gear 5 from the pinion carrier 22¢ after having a speed
thereof reduced at a reduction ratio smaller than the one
at the low speed stage. In this way, the middle speed
stage is obtained.

Further, when the direct coupled clutch 24 is coupled
at the middle speed stage, the torque from the turbine
shaft 16 is transmitted to the ring gear 22b of the rear
planetary gear mechanism 22 both through the forward
clutch 23 and the sun gear 21a of the front planetary
gear mechanism 21, and through the direct coupled
clutch 24 and the sun gear 224 of the rear planetary gear
mechanism 22 simultaneously. Accordingly, the rear
planetary gear mechanism 22 rotates entirely integrally,
and torque equal to the torque of the turbine shaft 16 is
transmitted from the pinion carrier 22¢ to the intermedi-
ate gear 5. In this way, the high speed stage (direct
coupled speed stage) is obtained.

When the forward clutch 23 is released and the direct
coupled clutch 24 is coupled with the low-reverse brake
26, the torque of the turbine shaft 16 is transmitted to
the sun gear 22a of the rear planetary gear mechanism
22 while the ring gear 215 of the front planetary gear
mechanism 21 is locked. The rotation of the turbine
shaft 16 is reversed and output from the pinion carriers
21c, 22¢ of the both planetary gear mechanisms 21, 22 to
the intermediate gear 5. In this way, the reverse speed
stage is obtained.

During the deceleration at the low and middle speed
stages, the first and second one-way clutches 25, 27
rotate idly and accordingly the engine brake does not
work. In an engine brake range, there are obtained low
and middle speed stages where the engine brake works
by coupling the low-reverse brake 26 in parallel with
~ the first one-way clutch 25 at the low speed stage, and
by coupling the coast brake 29 in parallel with the sec-
ond one-way clutch 27 at the middle speed stage.

Next, a specific internal construction of the sub-trans-
mission 30 will be described with reference to FIGS. 1
and 3. The sub-transmission 30 includes an intermediate
gear 6 engageable with the intermediate gear 5, a main
shaft 35 as an output shaft of the automatic transmission
1, an output gear 7 as an output portion of the automatic
transmission 1, and an planetary gear mechanism 31.
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The planetary gear mechanism 31 consists essentially
of a sun gear 315 fixed integrally with the main shaft 35,
a plurality of pinion gears 31d engageable with a sun
gear 315, a ring gear 31a which is coupled with the
intermediate gear 6 and engageable with respective
pinion gears 314, and pinion carrier 31c for rotatably
supporting the respective pinion gears 31d. The pinion
carrier 31c is coupled with the output gear 7 loosely
fitted on the main shaft 35.

A direct coupled clutch 32 is arranged between the
intermediate gear 6 and the main shaft 35. A speed
reduction brake 34 and a third one-way clutch 33 are
arranged between the clutch 32 and the casing 3. The
torque of the intermediate gear 6 is transmitted to the
output gear 7 through the planetary gear mechanism 31.

The direct coupled clutch 32 is constructed as fol-
lows. A plurality of friction plates 32¢, 324 are alter-
nately arranged between a hub member 32¢, in which
the intermediate gear 6 and the ring gear 31z of the
planetary gear mechanism 31 are formed integrally, and
a drum member 325, formed integrally with the shaft 35
on which the sun gear 315 is secured. A first piston 32¢
having a large pressure area and a large diameter is
arranged behind (to the left in the drawing of FIG. 3)
these friction plates 32¢, 324. Further, a second piston
32f, having a small pressure area and a small diameter, is
arranged behind the first piston. A return spring 32g is
arranged for the pistons 32¢, 32f

A first hydraulic chamber 321, to which coupling
pressure is supplied through an oil path 36, is provided
circumferentially outward of the first piston 32e. A
second hydraulic chamber 322 at the backside of the
second piston 32f is provided to which coupling pres-
sure is supplied through an oil path 37. When the same
coupling pressure is supplied to both the first and the
second hydraulic chambers 321, 322, a larger coupling
pressure can be obtained in the first hydraulic chamber
321 than in the second hydraulic chamber 322.

The speed reduction brake 34 is constructed as fol-
lows. A plurality of friction Plates 34a, 34b are alter-
nately arranged between the drum member 3256 of the
direct coupled clutch 32 and the casing 3. A piston 34d
is provided to couple the friction plates 34a, 34b with
one another against the opposing force of the return
spring 34c. A first hydraulic chamber 341, having a
large pressure area, is provided at the backside of the
piston 344, and a second hydraulic chamber 342 having
a small pressure area is provided circumferentially out-
ward of the piston 34d. The first and second hydraulic
chamber 341, 342 are located concentrically. When the
same coupling pressure is supplied to both the first and
second hydraulic chambers 341, 342, a larger coupling
pressure can be obtained in the first hydraulic chamber
341 than in the second hydraulic chamber 342.

This provides a torque capacity corresponding to the
transmission torque at each speed stage, thereby elimi-
nating complication of a hydraulic circuit and reduction
in control accuracy. Specifically, this construction pro-
vides a capacity sufficient to transmit a large transmis-
sion torque when large transmission is required, and
thus assures a reduced time to complete a gear shifting
operation. Also, this construction will eliminate a drive
loss of an oil pump and a shock when the gear is shifted,
which the conventional multistage automatic transmis-
sions have involved.

As described above, the sub-transmission 30 is capa-
ble of changing the torque transmitted from the main
transmission 20 through the intermediate gears 5, 6 into
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forward low and high speed stages and transmitting the
resultant torque to the output gear 7.
More specifically, in a state where the direct coupled
clutch 32 is released, the sun gear 31b of the planetary

gear mechanism 31 is locked by the third one-way 5

clutch 33 or speed reduction brake 34. The torque from
the intermediate gear 6, transmitted to the ring gear 31a
of the planetary gear mechanism 31, is transmitted from
the pinion gears 31c to the output gear 7 after having a

speed thereof reduced. In this way, the low speed stage 10

is obtained. In this case, the engine brake works for the
sub-transmission 30 if the speed reduction brake 34 is
coupled.

When the direct coupled clutch 32 is coupled and the

speed reduction brake 34 is released, the ring gear 31a of 15

the planetary gear mechanism 31 is coupled with the
sun gear 31. Accordingly, the torque from the interme-
diate gear 6 is transtnitted from the pinion carrier 31c to
the output gear 7 as it is. In this way, the high speed
stage (direct coupled speed stage) is obtained.

As described above, three forward speed stages and
one reverse speed stage are obtained by the main trans-
mission 20, and high and low speed stages are obtained
for each output of the main transmission 20 by the sub-

transmission 30. Thus, six forward speed stages are 25

obtained by the entire automatic transmission. A re-
verse speed stage for the antomatic transmission is ob-
tained by combining the reverse speed stage of the main
transmission 20 with the low speed stage of the sub-

transmission 30 (where the speed reduction brake 34 is 30

coupled).

In one embodiment, five specified speed stages are
adopted from the six forward speed stages. Operating
states of the respective clutches and brakes at the re-

spective speed stages, namely five forward speed stages 35

and one reverse speed stage, are summarized in TA-
BLE-1 below. In TABLE-1, (O) indicates that the
clutch or brake is coupled only in the engine brake
range.

8
matic transmission 1) is engaged with an input gear 9 of
the differential DF.

The main transmission 20 and the sub-transmission 30
are laid out such that the axes Lm, Ls of the shafts 16,
35 are at least at the same level with respect to a vertical
direction, and more preferably that the axis Ls of the
shaft 35 is located above the axis Lm of the shaft 16.

An input side of the automatic transmission 1 (i.e. an
input side of the main transmission 20) is connected with
an engine E. By connecting the engine E and the auto-
matic transmission 1 integrally in this manner, a power
train is constructed. A mount member 446 for mounting
the automatic transmission 1 of this power train on a
vehicle body (see FIGS. 4 and 5) is arranged above a
front end portion of the automatic transmission 1.

Further, a starter unit 447 is provided above the main
transmission 20 at the side close to the sub-transmission
30, and a brake controller 448 is provided obliquely
upward from the side of the sub-transmission 30 close to
the main transmission 20. The brake controller 448 pre-
vents wheels from being locked by controlling a brak-
ing force of each wheel according to the speed of the
vehicle and the road condition when the braking is
supplied. A battery BT is disposed above sub-transmis-
sion 30.

An oil pan 451 for the automatic transmission 1 is
mounted below the main transmission 20. As indicated
by broken line in FIG. 7, a first hydraulic housing B1 is
incorporated in the oil pan 451. The first hydraulic
housing B1 controls the supply of the hydraulic pres-
sure to the friction elements provided in the main trans-
mission 20 such as the clutches 23, 24 and the brakes 26,
28, 29. Further, accumulators 51, 55, 84, and 90 for
hydraulic pressure lines of the first hydraulic housing
B1 are arranged beside the main transmission 20.

A second hydraulic housing B2 is arranged above the
sub-transmission for controlling the supply of the hy-
draulic pressure to the friction elements in the subtrans-
mission 30, such as the clutch 32 and the brake 34. Inter-

TABLE-1
MAIN TRANSMISSION
SPEED D.C. F- 34 COAST LR ISTOW. 2NDOW.
GEAR STAGE CLUT. CLUT. BRAKE BRAKE BRAKE CLUTCH CLUTCH
IST LO O O LOCK FREE
2ND  LO O @) LOCK FREE
3RD  MID o) 'e) '®) FREE LOCK
4TH  MID O O o) FREE LOCK
5TH HI 0 O '®) FREE FREE
REV  REV e} 'e) FREE FREE
SUB-TRANSMISSION
SPEED D.C. SR. 3RD O.W.
GEAR STAGE CLUT. BRAKE CLUT.
IST LO O LOCK
2ND HI 0 FREE
3RD LO O LOCK
4TH HI 0O FREE
5TH HI e} FREE
REV REV '®) FREE

In the embodiment shown in FIGS. 4 to 6, the turbine

shaft 16 of the main transmission 20 and the main shaft 60 connecting oil paths 106, 114, 110 (see FIGS. 4 and 5)

35 of the sub-transmission 30 extend in parallel with
each other. A distance between axes Lm, Ls of the
shafts 16, 35 is determined such that the intermediate
gears 5, 6 for transmitting the torque between the two
shafts 16, 35 are engageable smoothly.

Further, in this embodiment, the differential DF of
the vehicle is arranged below the sub-transmission 30,
and the output gear 7 (the output portion of the auto-

extending from the second hydraulic housing B2 to the
transmission mechanism of the sub-transmission 30 are
arranged above a front portion of the sub-transmission
30.

By arranging the second hydraulic housing B2 above
the sub-transmission 30 in this manner, the second hy-
draulic housing B2 can be laid out smoothly in the case
where the differential DF is arranged below the sub-
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transmission 30. In addition, interconnecting oil paths
106, 114, 110 with the transmission mechanism of the
sub-transmission 30 can be shortened as much as possi-
ble, thereby attaining sufficient responsiveness to the
hydraulic pressure and improving the controllability.

The second hydraulic housing B2 is in communica-
tion with the first hydraulic housing B1 through the
interior of the casing 3 and an oil path 42 (see broken
and oblique lined portion in FIGS. 7 and 8 respectively)
passing through mating faces Fp of a housing and a
cover of an unillustrated oil pump. A line pressure for
the entire automatic transmission 1, including the main
transmission 20 and the sub-transmission 30, is set in the
first hydraulic housing B1. In other words, the hydrau-
lic pressure is supplied to the second hydraulic housing
B2 from the first hydraulic housing B1.

In the reverse mode, the hydraulic pressure is sup-
plied to both the first and second hydraulic chambers
341, 342 and the speed reduction brake 34 is coupled at
a maximum coupling force as described above. Accord-
ingly, in this case, it is necessary to supply a large
amount of oil to the subtransmission 30 as fast as possi-
ble.

In this embodiment, in order to attain the responsive-
ness to the hydraulic pressure in the reverse mode, an
oil path 53 specially for use in the reverse mode is pref-
erably provided to feed the oil from the first hydraulic
housing B1 directly to the speed reduction brake 34
without feeding it through the second hydraulic hous-
ing B2.

More specifically, the second hydraulic housing B2
constituting the sub-transmission controller is disposed
above the sub-transmission 30. The main line 42 and the
reverse line 53 extend from the main transmission con-
troller of the first hydraulic housing B1 to the sub-trans-
mission, and hydraulic pressure is supplied through
these lines to control the sub-transmission 30. The main
line 42 is connected with the second hydraulic housing
B2 and supplies the line pressures to the respective parts
provided in the second hydraulic housing B2. The re-
verse line 53 is connected directly with the first hydrau-
lic chamber 341 of the speed reduction brake 34 of the
sub-transmission 30, while passing through the manual
valve 43 in the first hydraulic housing B1 and the casing
3, without being connected with the second hydraulic
housing B2.

Providing an oil path 53 specially for use in the re-
verse mode greatly reduces the length of the. oil path
extending from the first hydraulic housing B1 to the
speed reduction brake 34, and enhances responsiveness
in the reverse mode to hydraulic pressure.

Further, the oil path construction of the second hy-
draulic housing B2 is simplified and the oil path extend-
ing from the manual valve 43 to the first hydraulic
chamber 341 of the speed reduction brake 34 is short-
ened. This prevents a pressure drop along the oil path
due to a passage resistance and maintains the coupling
pressure supplied to the speed reduction brake at a
specified level in the reverse gear (where a particularly
high pressure is required).

Further, in this embodiment, connecting portions
106a, 1144, 110c of the oil paths 106, 114, 110 connect-
ing between the second hydraulic housing B2 and the
transmission mechanism of the sub-transmission 30 are
arranged at a valley portion (upper valley portion) 466
defined between an outer circumference of a portion of
the casing 3, at the side of the main transmission 20, and
an outer circumference of a portion of the casing 3 at

30
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the side of the sub-transmission 30. A solenoid valve
103, as an accessory of the second hydraulic housing B2
for switching the hydraulic pressure, is also arranged in
the valley portion 466.

By arranging the solenoid vaive 103 and the connect-
ing portions 1064, 1144, 110q in the valley portion 466,
the space of the valley portion 466 which has been
considered merely as dead space can be utilized effec-
tively, thereby realizing an efficient layout.

A hydraulic circuit 40 for forming the speed stage
according to the operating state or requirements of an
operator by selectively coupling the clutches and
brakes will now be described in accordance with TA-
BLE-1.

As shown in FIGS. 9A and 9B, the hydraulic circuit
40 includes a regulator valve 41 for regulating the pres-
sure of the hydraulic oil discharged from the oil pump
4 into the line pressure of a specified level. The line
pressure regulated by the regulator valve 41 is supplied
through a main line 42 to a manual valve 43 operated by
the operator, and to first to third reducing valves 44, 45,
46 for generating a source pressure to be used for vari-
ous controls.

The source pressure, reduced to a specified level by
the first reducing valve 44, is supplied to a modulator
valve 48 through a line 47. A control pressure regulated
by a duty solenoid valve 49 is supplied to a control port
484 of the modulator valve 48. A modulator pressure is
generated from the source pressure according to a duty
cycle (a ratio of an on-time to one cycle time) of the
duty solenoid valve 49, and is supplied to a first boost-
ing port 41a of the regulator valve 41 through a line 50.
Thus, the line pressure is boosted according to the duty
cycle. In this case, if the duty cycle is set, for example,
according to a throttle opening of the engine, the line
pressure is adjusted to a value according to the throttle
opening.

A first accumulator 51 for suppressing the pulsation
of the hydraulic pressure resulting from a cyclic on-off
operation of the duty solenoid valve 49 is arranged at a
specified position along the line 50 for supplying the
modulator pressure to the first boosting port 41a of the
regulator valve 41.

The manual valve 43 is capable of setting various
forward ranges of D (drive), 3, 2, 1, 2 R(reverse)-range,
a N(neutral)-range, and a P(parking)-range. The main
line 42 is connected to a forward line 52 in the forward
ranges, while being connected to the reverse line 53 in
the R-range.

The forward line 52 leads to the forward clutch 23
through an orifice whose opening is made different at
times when the hydraulic oil is supplied and discharged.
Accordingly, the forward clutch 23 is coupled con-
stantly in the forward ranges of D, 3, 2, 1. In this case,
a second accumulator 55 for moderating a shock when
the coupling pressure is supplied to the forward clutch
23 is arranged at a specified position along the forward
line 52. A back pressure is supplied to the accumulator
55 from the main line 42 through a line 56.

The reverse line 53 leads directly to the first hydrau-
lic chamber 341 having the large pressure area of the
speed reduction brake 34 in the sub-transmission 30.
Accordingly, in the R-range, the speed brake 34 is cou-
pled with a large coupling force by the line pressure
supplied to the first hydraulic chamber 341. A line 57,
extending to a second boosting port 41b of the regulator
valve 41, is branched off from the reverse line 53 so as
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to increase the adjusted value of the line pressure in the
R-range. )

On the other hand, the line pressures to first to third
shift valves 61, 62, 63 provided in the main transmission
20, and to fourth and fifth shift valves 64, 65 provided in
the sub-transmission 30, are provided from the main line
42, the forward line 52 and the reverse line 53. The first
to fifth shift valves 61 to 65 are all used to shift gears.

Shift valves 61 to 65 have control ports 61 to 652
provided at one end thereof respectively. A source
pressure line 66, extending from the second reducing
valve 45, is connected to the control ports 61a to 63a of
the first to third shift valves 61 to 63 of the main trans-
mission 20. A source pressure line 67, extending from
the third reducing valve 46, is connected to the control
ports 64a, 65a of the fourth and fifth shift valves 64, 65
of the sub-transmission 30.

First to fifth on-off solenoid valves 71 to 75 in corre-
spondence with the first to fifth shift valves 61 to 65 are
arranged at specified positions along the source pres-
sure lines 66, 67. In the on-states, these on-off solenoid
valves 71 to 75 release the hydraulic pressures in the
control ports 61a to 65a of the corresponding shift
valves 61 to 65. Accordingly, spools of the respective
shift valves 61 to 65 are positioned at the left side in the
drawing of FIGS. 9A and 9B when the corresponding
on-off solenoid valves 71 to 75 are on, and are posi-
tioned at the right side when these valves are off.

A line extending from the main line 42, the forward
line 52, or the reverse line 53 to the clutches and the
brakes is selectively connected according to a combina-
tion of on- and off-states of the solenoid valves 71 to 75,
i.e. a combination of the spool positions of the shift
valves 61 to 65, and the clutches and the brakes are
coupled as shown in TABLE-1, thereby providing first
to fifth gears and a reverse gear. In this case, the cou-
pling pressures supplied to the clutches and the brakes
are controllably set at proper values as follows.

Control valves 76, 77, 78, 79 for reducing the line
pressure to the coupling pressure of the specified level
are provided respectively for the direct coupled clutch
24, the coast brake 29, the low-reverse brake 26, and the
3-4 brake 28. The control pressures regulated by a first
linear solenoid valve 80 are supplied to control ports
T7a, 78a, 19a of the control valves 77, 78, 79, and the
coupling pressures are controlled in the control ports
according to the control pressures.

Coupling pressure supplied to the direct coupled
clutch 24 through a line 82, is supplied to the control
port 76a of the control valve 76 through a line 85 hav-
ing a one-way orifice 83 and a third accumulator 84
arranged therealong. The rise of the coupling pressure
is controlled by the operation of the accumulator 84.

The first linear solenoid valve 80 regulates the con-
trol source pressure, supplied from the first reducing
valve 44 through the line 47, in accordance with a con-
trol signal from a controller (see FIG. 10), and gener-
ates the control pressure according to the temporary
speed stage and operating state. A line 86 is connected
to ports 76b, 78b of the control valves 76 and 78 respec-
tively. The line 86 is branched off from the reverse line
53 so as to prevent a pressure regulating operation. The
pressure is supplied to these ports 765, 78b in the R-
range and the spools are locked at the left side positions,
and thereby the pressure regulating operations of the
control valves 76, 78 are deterred. Further, the coupling
pressure is supplied to a port 795 provided at one end of
the control valve 79 through a line 87 when the cou-
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pling pressure is supplied to the coast brake 29, and
thereby the pressure regulating operation of the control
valve 79 is controlled.

The control pressure generated by the first linear
solenoid valve 80 is also supplied to the control Port 884
of the control valve 88 through a line 81. The control
valve 88 regulates the line pressure supplied from the
line 42 through the line 89 according to the control
pressure from the first linear solenoid valve 80, and the
back pressures are generated and supplied to back pres-
sure ports 84q, 90q of the third and fourth accumaulators
84, 90.

A control valve 101, 102, and a second linear solenoid
valve 103 are provided as a means for controlling the
coupling pressure in the sub-transmission 30. The con-
trol valve 101 regulates the coupling pressure to be
supplied to the first and second hydraulic chambers 321,
322 defined in the direct coupled clutch 32. The control
valve 102 regulates the coupling pressure supplied to
the second hydraulic chamber 342 defined in the speed
reduction brake 34. The first hydraulic chamber 341
defined in the speed reduction brake 34 is supplied di-
rectly with pressure directly from the manual valve 43
through the reverse line 53 in the R-range, as described
above.

Line pressure as the control source pressure from the
main line 42 is supplied to the second linear solenoid
valve 103. The line pressure is supplied to the control
port 102q of the control valve 102 from the line 104 and
the fifth shift valve 65, through the line 105 or line 106,
after being regulated in accordance with the control
signal from a controller. Alternatively, the valve 103 is
brought into communication with the first hydraulic
chamber 321 of the direct coupled clutch 32 so as to
regulate the hydraulic pressure in the hydraulic cham-
ber 321. The control valve 102 regulates the line pres-
sure supplied thereto from the main line 42 through the
line 107, the fourth shift valve 64, the line 108, the fifth
shift valve 65, and a line 109 according to the control
pressure. The regulated line pressure is supplied to the
second hydraulic chamber 342 of the speed reduction
brake 34.

The line pressure from the main line 42 is supplied to
the control valve 101 through the line 107, the fourth
shift valve 64, and a line 111. After regulating the line
pressure, the valve 101 supplies the line pressure
through a one-way orifice 112, a line 113, the fifth shift
valve 65, and the line 106 or line 114, selectively
through the first and second hydraulic chambers 321 or
322.

The coupling pressure supplied to the first or second
hydraulic chambers 321 or 322 of the direct coupled
clutch 32 is supplied to the control port 101a of control
valve 101 as the control pressure, through the line 117,
along which the one-way orifice 115 and the fifth accu-
mulator 116 are arranged. Accordingly, the coupling
pressure is built up through a specified step-wise transi-
tion state by the operation of the firth accumulator 116.
The back pressure from the main line 42 is supplied to
the back pressure port 116a of the accumulator 116
through the line 118.

In the hydraulic circuit thus constructed, the combi-
nation patterns of the on- and off-states of the first to
fifth on-off solenoids valves 71-75 are as shown in TA-
BLE-2. In this way, there are obtained forward first to
fifth gears and one reverse gear. In TABLE-2, (1), (2)
denote first and second gears in the engine brake range.
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TABLE-2
ON-OFF D321
SOLENOID VALVE P R N 1 Q)] 2 (2) 3 4 5
1ST OFF OFF OFF ON ON ON ON OFF OFF OFF
2ND OFF OFF OFF OFF OFF OFF OFF ON ON ON
3RD OFF OFF OFF OFF ON OFF ON ON ON OFF
4TH OFF OFF OFF OFF OFF ON ON OFF ON ON
STH OFF OFF OFF OFF OFF OFF OFF OFF ON ON

The specific relationship between the combinations 10
of on- and off-states of the solenoid valves 71 to 75 and
the speed stages will now be described in accordance
with TABLE-2.

In the engine brake nonworking first gear adopted
when the manual valve 43 is set in the D-range, the first 15
to third on-off solenoid valves 71 to 73 are on, off, off
respectively in the main transmission 20, and the spools
of the first to third shift valves 61 to 63 are positioned at
the left, right, and right sides respectively. In this state,

a line 121 branched off from the forward line 52 com- 20
municates with a line 122 through the first shift valve 61
and with a line 123 through the second shift valve 62.
However, the line 123 is closed by the third shift valve
63. Likewise, a line 124 branched off from the forward
line 52 and a line 125 branched off from the main line 42 25
are closed by the second and first shift valves 62, 61
respectively. Thus, in this case, only the forward clutch

23 which is constantly coupled in the forward range is
coupled as described above, and the low speed stage
where the engine brake does not work is obtained in the 30
main transmission 20.

In the sub-transmission 30, the fourth and fifth on-off
solenoids 74, 75 are off and thereby the spools of the
fourth and fifth shift valves 64, 65 are both positioned at
the right side. Accordingly, the main line 42 is brought 35
into communication with the line 108 through the line
107 and the fourth shift valve 64, and with the line 109
extending to the control valve 102 through the fifth
shift valve 65, thus the line pressure is supplied to the
control valve 102. At this time, the control pressure 40
generated by the second linear solenoid valve 103 is
supplied to the control port 102z of the control valve
102 through the line 104, the fifth shift valve 65, and the
line 105, and is regulated into the coupling pressure of
the specified level according to the control pressure. 45
Thereafter, the coupling pressure is supplied to the
second hydraulic chamber 342 of the speed reduction
brake 34 through a line 110 to couple the brake 34.

Further, the direct coupled clutch 32 is released by
bringing the first hydraulic chamber 321 into communi- 50
cation with a drain port of the fourth shift valve 64
through the line 106, the fifth shift valve 65, the line 113,
the control valve 101, and a line 111 and by bringing the
second hydraulic chamber 322 into communication
with a drain port of the fifth shift valve 65 through a line 55
114. As a result, the sub-transmission 30 is set at the low
speed stage where the engine brake works, and the
automatic transmission 1 is set in the engine brake non-
working first gear.

In the engine brake working first gear adopted by the 60
first and second ranges, the third solenoid valve 73 of
the main transmission 20 is turned on in response to the
engine brake nonworking first gear. Accordingly, the
spool of the third shift valve 63 is positioned at the left
side. Thus, in this case, the forward line 52 is brought 65
into communication with a line 126 extending to the
control valve 78 through the line 121 branched off from
the forward line 52, the first shift valve 61, a line 122,

the second shift valve 62, a line 123, and the third shift
valve 63. Consequently, the line pressure is supplied to
the control valve 78.

The line pressure supplied to the control valve 78 is
regulated into the coupling pressure according to the
control pressure supplied to the control port 78a from
the first linear solenoid valve 80 through the line 81, and
is supplied to the low-reverse brake 29 through the line
127. In this way, the low-reverse brake 29 is coupled in
addition to the forward clutch 23 and the low speed
stage where the engine brake works is set in the main-
transmission 20. Since the speed reduction brake 34 is
coupled similar to the case of the engine brake non-
working first gear in the sub-transmission 30, the auto-
matic transmission 1 is allowed to have the engine brake
working first gear.

In the engine brake nonworking second gear adopted
in the D-range and the engine brake working second
gear adopted in the first and second ranges, the speed
stage of the sub-transmission 30 changes when the auto-
matic transmission is in the engine brake working first
gear and the engine brake nonworking first gear.

More specifically, the fourth on-off solenoid valve 74
of the sub-transmission 30 is turned on and the spool of
the fourth shift valve 64 is positioned at the left side.
Accordingly, the line pressure supplied to the fourth
shift valve 64 from the main line 42 through the line 107
is supplied to the control valve 101 through the line 111,
and is supplied to the first hydraulic chamber 321 of the
direct coupled brake 32 through the line 113, the fifth
shift valve 65, and the line 106 after being built upto a
specified level. Thus the sub-transmission 30 is set at the
high speed stage, with the result that the automatic
transmission is allowed to have an engine brake non-
working second gear and an engine brake working
second gear.

In the third gear, the first to third on-off solenoid
valves 71 to 73 are turned off, on, on respectively in the
main transmission 20, and the spools of the first to third
shift valves 61 to 63 are positioned at the right, left, and
left sides. In this case, a line 121 branched off from the
forward line 52 is brought into communication with a
line 128 through the first shift valve 61 and with a line
129 extending to the control valve 77 through the shift
valve 63. Accordingly, the line pressure is supplied to
control valve 77 and is regulated into the specified cou-
pling pressure according to the control pressure sup-
plied from the first linear solenoid valve 80 through the
line 81. The obtained coupling pressure is supplied to
the coast brake 29 through a line 130 to thereby couple
the coast brake 29.

The other line 124 branched off from the forward line
52 is brought into communication with a line 131 ex-
tending to the control valve 79 through the second shift
valve 62 so that the line pressure is supplied to the con-
trol valve 79. To this control valve 79 are supplied the
control pressure from the first linear solenoid valve 80
through the line 81 and the coupling pressure supplied
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to the coast brake 29 as the control pressure through the
line 87. The coupling pressure regulated according to
these control pressures is supplied to the 3—4 brake 28
through a line 132.

As a result, the 3-4 brake 28 is coupled in addition to
the forward clutch 23 in the main transmission 20. Fur-
ther, since the coast brake 29 is also coupled, there can
be obtained an engine brake working middle speed
stage.

On the other hand, in the sub-transmission 30, the
fourth and fifth on-off solenoid valves 74, 75 are both
off and the engine brake working low speed stage is set
similar to the case of the aforementioned first gear.
Accordingly, the automatic transmission 1 is allowed to
have an engine brake working third gear having a speci-
fied reduction ratio.

_In the fourth gear, the fourth and fifth on-off solenoid
valves 74, 75 of the sub-transmission 30 are both turned
on from the stage of the above third gear, and the spools
of the fourth and fifth shift valves are positioned at the
left side. Accordingly, similar to the case of the afore-
mentioned second gear, the line pressure is supplied to
the control valve 101 from the main line 42 through the
line 107, the fourth shift valve 64, and the line 111. The
line pressure is regulated into the specified coupling
pressure in the control valve 101 and is supplied to the
second hydraulic chamber 322 of the direct coupled
clutch 32 from the line 113 and the fifth shift valve 65
through the line 114. As a result, the direct coupled
clutch 32 is coupled to set the sub-transmission 30 at the
high speed stage. Since the main transmission 20 is set at
the middle speed stage similar to the case of the afore-
mentioned third gear, the automatic transmission 1 is
allowed to have the fourth gear.

In the fifth gear, the first to third on-off solenoid
valves 71 to 73 of the main transmission 20 are turned
off, on, off and the spools of the first to third shift valves
61 to 63 are positioned at the right, left, and right sides.
Accordingly, the line 125 branched off from the main
line 42 is brought into communication with a line 133
through the first shift valve 61 and with a line 134 ex-
tending to the control valve 76 through the third shift
valve 63, so that the line pressure is supplied to the
control valve 76. The coupling pressure regulated by
the control valve 76 is supplied to the direct coupled
clutch 24 through the line 82 to thereby couple the
clutch 24. Thus, in the main transmission 20, the for-
ward clutch 23 and the direct coupled clutch 24 are
coupled and the main transmission 20 is set at the high
speed stage. When the direct coupled clutch 24 is cou-
pled, the coupling pressure is supplied after a specified
step transition phase by the action of the third accumu-
lator 84.

On the other hand, the fourth and fifth on-off sole-
noid valves 74, 75 are both on in the sub-transmission 30
similar to the case of the aforementioned fourth gear,
and the sub-transmission 30 is set at the high speed
stage. As a result, the automatic transmission is allowed
to have a fifth gear.

Further, in the reverse gear where the manual valve
43 is set in the R-range, the reverse line 53 is brought
into communication with the main line 42 through the
manual valve 43 and the first to third on-off solenoid
valves 71 to 73 are all turned off. Thus, the spools of the
first to third shift valves 61 to 63 are all positioned at the
right side.

The line 125 branched off from the main line 42 is
brought into communication with the line 133 through

20

25

35

40

45

65

16

the first shift valve 61 similar to the case of the afore-
mentioned fifth gear and with the line 134 through the
control valve 76 through the third shift valve 63. Ac-
cordingly, the line pressure is supplied to the control
valve 76. In this case, the line pressure is supplied to one
port 76b of the control valve 76 from the reverse line 53
through the line 86 and the spool of the control valve 76
is locked at the left side. Thus, the line pressure supplied
through the line 134 is supplied directly to the direct
coupled clutch 24 through the line 82 without being
reduced, so that the direct coupled clutch 24 is coupled
at a high coupling pressure.

The reverse line 53 is in communication with the
control valve 78 through a line 136 including an orifice
135 having different aperture amounts in supplying and
discharging directions of the hydraulic pressure. The
third shift valve 63, and the line 126, and the line pres-
sure is supplied to the control valve 78 similar to the
case of the engine brake working first gear. In this case,
to one port 786 of the control valve 78 is supplied the
line pressure through the line 86 branched off from the
reverse line 53 and the spool of the control valve 78 is
locked at the left side. Thus, the line pressure supplied
through the line 126 is supplied directly to the low-
reverse brake 26 without being regulated by the control
valve 78 and the low-reverse brake 26 is coupled at a
high coupling pressure. :

Thereby, in the main transmission 20, the direct cou-
pled clutch 24 and the low-reverse brake 26 are coupled
and the reverse speed stage is obtained. In the sub-trans-
mission 30, the fourth and fifth on-off solenoid valves
74, 75 are both off and the engine brake working low
speed stage is set. Therefore, the reverse gear having a
large reduction ratio can be obtained.

When the coupling pressure is supplied to the low-
reverse brake 26, the hydraulic oil is introduced into the
fourth accumulator 90 from the line 136 through a line
137. Thereby, the coupling pressure is built up gradu-
ally through the specified step-wise pressure state.

In addition to the above construction, the hydraulic
circuit 40 includes first and second lock-up shift valves
141, 142 for controlling the lock-up clutch 17 provided
in the torque converter 10, and a lock-up control valve
143.

A converter line 144 extends to the first lock-up shift
valve 141 and the control valve 143 from the main line
42. The control line 66, extending to the second reduc-
ing valve 45, is connected through a line 145 to a con-
trol port 141a provided at one end of the first lock-up
shift valve 141. In the line 145 is disposed an on-off
solenoid valve 146 for controlling the lock-up clutch 17.
When the valve 146 is off, the control pressure is sup-
plied to the control port 141a of the first lock-up shift
valve 141 and the spool of the valve 141 is positioned at
the left side. At this time, the converter line 144 is
brought into communication with a release line 147
extending to a lock-up releasing chamber 17a provided
in the torque converter 10, and thereby the lock-up
clutch 17 is released.

On the other hand, when the on-off solenoid valve
146 is turned on and the control pressure is released
from the control port 141a of the first lock-up shift
valve 141, the spool of the valve 141is positioned at the
right side. Thereupon, the converter line 144 is brought
into communication with a coupling line 148 extending
to a lock-up coupling chamber 17b provided in the
torque converter 10, and the lock-up clutch 17 is cou-
pled. At this time, the releasing line 147 is brought into
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communication with the lock-up control valve 143
through the first lock-up shift valve 141 and a line 149,
and the hydraulic pressure regulated by the control
valve 143 is supplied as a lock-up releasing pressure to
the releasing chamber 17b of the lock-up clutch 17.

More specifically, a control line 150 extending from
the first reducing valve 44 is connected to a control port
143a provided at one end of the control valve 143. In
this control line 150 is disposed a duty solenoid valve
151 which regulates the control pressure supplied to the
control port 143a according to a duty cycle of a control
signal fed to the duty solenoid valve 151. In this way,
the releasing pressure is regulated.

The control pressure generated by the duty solenoid
valve 151 is also supplied to a control port 1422 of the
second lock-up shift valve 142 through a line 152. When
the control pressure is not higher than a specified level,
the spool of the second lock-up shift valve 142 is posi-
tioned at the right side. Thereby, a line 153 extending
from the main line 42 through the line 56 is brought into
communication with a pressure regulation preventing
port 143b of the control valve 143 through a line 154
and the line pressure is supplied to the port 143b. This
prevents the pressure regulating operation of the releas-
ing pressure by the control valve 143. At this time, the
lock-up clutch 17 is in a completely coupled state where
only the coupling pressure is supplied thereto.

When the control pressure becomes not lower than
the specified value, the pressure regulating operation of
the releasing pressure is carried out by the control valve
143. The lock-up clutch 17 is slip-controlled according
to the releasing pressure. The spool of the second lock-
up shift valve 142 is positioned at the right side when
the control pressure is not supplied, so as to open up a
line 155 bypassing an orifice 54 provided in the line 52
extending to the forward clutch 23.

The duty solenoid valve 49 provided in the hydraulic
circuit 49, the first to fifth on-off solenoid valves 71 to
75, the first and second linear solenoid valves 80, 103,
the on-off solenoid valve 146, and the duty solenoid
valve 151 are controlled in accordance with control
signals from a controlier 160 as shown in FIG. 10. To
the controller 160 are input sensor signals from a speed
sensor 161 for detecting the speed of the vehicle, a
throttle opening sensor 162 for detecting a throttle
opening of the engine, and a sensor 163 for detecting a
shift position (range) selected by the operator. The
aforementioned solenoid valves are controlled accord-
ing to the operating state and the requirements of the
operator represented by these signals.

The automatic transmission 1 according to the inven-
tion is constructed as described above. In this automatic
transmission 1, the speed reduction brake 34 of the sub-
transmission 30 is coupled in the reverse gear and for-
ward first and third gears as is clear from the above
description. In this case, a large torque capacity is re-
quired in the reverse gear since the reduction ratio of
the main transmission 20 is large and a maximum engine
output may be transmitted. On the contrary, in the first
and third gears, since the third one-way clutch 33 ar-
ranged in parallel with the speed reduction brake 34 (see
FIG. 1) receives the torque during the acceleration, it is
sufficient that the brake 34 transmits the torque only
during the deceleration (the engine brake works) when
the third one-way clutch 33 rotates idly. In this case,
since the transmission torque is very small, it is suffi-
cient for the torque capacity to be small. In other
words, the speed reduction brake 34 requires the torque
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capacities differing greatly at the speed stages. If the
hydraulic pressure is controlled so as to provide the
corresponding torque capacity, the control range be-
comes considerably wide, thereby inviting the compli-
cated control and the reduction in the control accuracy.

In view of this, the speed reduction brake 34 is pro-
vided with the first hydraulic chamber 341 having the
large pressure area and the second hydraulic chamber
342 having the small pressure area as the hydraulic
chambers to which the coupling pressure is supplied as
shown in FIG. 2. In addition, the hydraulic circuit 40
responds as follows.

In the reverse gear, the reverse line 53 extending
from the manual valve 43 (see FIG. 3) leads to the first
hydraulic chamber 341 of the speed reduction brake 34.
By operating the manual valve 43 in the R-position, the
line pressure is supplied directly to the hydraulic cham-
ber 341. Accordingly, the torque capacity correspond-
ing to the large transmission torque is obtained in the
reverse gear without requiring a control of increasing
the hydraulic pressure and the like.

On the other hand, the fourth and fifth on-off sole-
noid valves 74, 75 are both off and the spools of the
fourth and fifth shift valves 64, 65 are positioned at the
right side when the engine brake is operated in the first
and third gears as shown in FIG. 11. Accordingly, the
line pressure is supplied to the control valve 102 from
the main line 42 through the line 107, the fourth shift
valve 64, the line 108, the fifth shift valve 65, and the
line 109. The line pressure is supplied to the second
hydraulic chamber 342 of the speed reduction brake 34
through the line 110 after being regulated according to
the control pressure supplied to the control port 102a
from the second linear solenoid valve 103 in the control
valve 102. The speed reduction brake 34 is thus cou-
pled. However, in this case, the coupling pressure is
supplied to the second hydraulic chamber having the
small pressure area and is regulated as above. There-
fore, the coupling force of the brake 34 and the torque
capacity are both set at very small values corresponding
to the small transmission torque when the engine brake
works.

In this way the speed reduction brake 34 is coupled in
the reverse gear and during the working of the engine
brake in the first and third gears, while the transmission
torque differs greatly. However, in any case, the brake
34 is coupled at the coupling force corresponding to the
transmission torque.

Particularly with the above construction, the line
pressure is supplied directly to the first hydraulic cham-
ber 341 having the large pressure area from the manual
valve 43 in the reverse gear where a large coupling
force is required. Accordingly, it is sufficient for the
linear solenoid valve 103 for regulating the coupling
force to regulate only the very low coupling pressure
which is required during the working of the engine
brake in the first and third gears. Thus, the control is
simplified and the control range is narrowed, resulting
in high control accuracy.

In the foregoing embodiment, as shown in FIG. 3, the
first and second hydraulic chambers 321, 322 of the
direct coupled clutch 32 are defined in the two pistons
32¢, 32f, whereas the first and second hydraulic cham-
bers 341, 342 of the speed reduction brake 34 are de-
fined in the single piston 34d. However, it may be ap-
propriate that the former pair is defined in a single pis-
ton and the latter pair is defined in two pistons, or that
both pairs are defined in two or one pistons.
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Although the present invention has been fully de-
scribed by way of example with reference to the accom-
panying drawings, it is to be understood that various
changes and modifications will be apparent to those
skilled in the art. Therefore, unless such changes and
modifications depart from the scope of the present in-
vention, they should be construed as being included
therein.

What is claimed is:

1. An automatic transmission comprising:

a first transmission mechanism having a friction ele-
ment and a first shaft connectable to an output shaft
of an engine, the first transmission mechanism
being adapted for changing the torque speed of the
engine output shaft;

a first hydraulic housing for accommodating a con-
trol device for controlling a hydraulic pressure to
the friction elemhent of the first transmission mecha-
nism;

a second transmission mechanism associated with the
first transmission mechanism, and having a friction
element and a second shaft in parallel with the first
shaft, the second -transmission mechanism being
adapted for changing the torque speed of the first
shaft;

a second hydraulic housing for accommodating a
control device for controlling a hydraulic pressure
to the friction element of the second transmission
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mechanism, the second hydraulic housing being
arranged above the second transmission mecha-
nism; and

an axis of the second shaft being positioned on either

the same horizontal plane as an axis of the first shaft
or a horizontal plane above the axis of the first
shaft.

2. An automatic transmission as defined in claim 1
wherein the second hydraulic housing is connected to
the second transmission mechanism by a connecting
member, and the connecting member is arranged in a
space defined by the first and second transmission
mechanisms.

3. An automatic transmission as defined in claim 1
wherein the second hydraulic housing has an accessory
member, and the accessory member is arranged in a
space defined by the first and second transmission
mechanisms.

4. An automatic transmission as defined in claim 1
wherein the first hydraulic housing is arranged below
the first transmission mechanism, and the friction ele-
ment of the second transmission mechanism includes a
first hydraulic chamber having a large hydraulic area
and a second hydraulic chamber having a small hydrau-
lic area, the friction element being actuatable at differ-
ent speed stages, and the first hydraulic chamber is

communicatable with the first hydraulic housing.
* * * * *



